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(54) Structure and process for mounting semiconductor chip 

(57) A semiconductor chip mount structure includes 
a substrate having a base surface on which base side 
connectors are formed; a semiconductor chip mounted 
on the base surface of the substrate, the semiconductor 
chip having chip side connectors on a first surface 
thereof facing to the base surface of the substrate, the 
chip side connectors being electrically connected to the 
base side connectors; an insulating resin layer arranged 
so as to cover connecting portions including the chip 
side connectors and the base side connectors a metal 
layer, consisting of a metal having a melting point lower 
than an endurance temperature of the semiconductor 
chip, for covering the semiconductor chip and the insu- 
lating resin layer; and a wetting characteristic improved 
layer, such as metal powder or foil layer, formed along a 
contact surface between the metal layer and the insula- 
tion resin layer. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a mounting struc- 
ture for a semiconductor element and, specifically, to 
that for a face-down type wherein connecting sections 
formed on a mounting surface of a circuit board on 
which a semiconductor element is to be mounted are 
electrically connected to those formed on one surface of 
the semiconductor element opposite to the mounting 
surface, and to a method for mounting the semiconduc- 
tor element. 

2. Description of the Related Art 

There has been a recent trend wherein the connec- 
tions between connecting sections on a semiconductor 
element and those on a circuit board have become very 
dense in high-performance electronic apparatuses. 

In conformity with the recent trend, a face-down 
type mounting structure, as shown in Fig. 18 and here- 
inafter referred merely to a mounting structure, has 
been used as a mounting structure for a semiconductor 
element enabling very dense connections. 

In the mounting structure shown in Fig. 18. a plural- 
ity of connection terminals 204 such as solder bumps 
are provided, as circuit board side connecting sections, 
on one surface of a semiconductor element 202 oppo- 
site to a mounting surface of a circuit board 200 on 
which the semiconductor element is mounted. Each of 
the connection terminals 204 is connected to each of 
connection pads 208 provided, as element side con- 
necting sections, at an end or midway of each of circuit 
patterns 206 formed on the mounting surface of the cir- 
cuit board 200, so that the electric connection is 
obtained between the semiconductor element and the 
circuit board. 

Further, in this mounting structure, an insulating 
resin layer 210 is sometimes provided while exposing 
another surface of the semiconductor element 202 as 
shown in Fig. 19 for the purpose of sealing the element 
side connecting sections and the circuit board side con- 
necting sections electrically connected to each other. 

According to the mounting structure shown in Fig. 
19, it is necessary to discharge heat generated in the 
semiconductor element 202 from the back surface of 
the semiconductor element 202. However, a cap or the 
like is usually mounted to the semiconductor element 
202 to seal the same. 

Thus, the resultant mounting structure is extremely 
complicated in structure, which requires a longer 
mounting process and a higher production cost and is 
accompanied by a lower yield. 

In addition, heat generated in the semiconductor 
element 202 must flow via a cap or the like for sealing 
the semiconductor element 202, which deteriorates the 



heat dissipation ability of the mounting structure 
whereby the heat tends to be stored in the mounting 
structure. 

As stated above, the mounting of a cap or the like 
5 results in a complicated mounting structure and the 
deterioration of the heat dissipation. 

To solve the above drawbacks inherent to the 
mounting structure shown in Fig. 19, another mounting 
structure of a semiconductor element is proposed in 
w Japanese Unexamined Patent Publication (Kokai) No. 
4-32251 , wherein a layer of a metal having a low melting 
point is formed for covering an insulating resin layer 210 
and a semiconductor element 202. 

According to the mounting structure proposed in 
is the above Patent Publication, since the cap or the like 
for sealing the semiconductor element 202 is unneces- 
sary and the other surface (back surface) of the semi- 
conductor element can be brought into direct contact 
with the low melting point metal layer, the heat gener- 
20 ated in the semiconductor element 202 can be easily 
dissipated from the mounting structure. 

However, the low melting point metal layer is usu- 
ally brought into contact with the other surface of the 
semiconductor element 202 via a metalized layer of 
25 gold or the like coated on the semiconductor element 
202 and also directly with the insulating resin layer 210. 

On the other hand, a molten metal having a low 
melting point has a good wettability to the metallic layer, 
but has an inferior wettability to the surface of the insu- 
30 lating resin layer 210. 

Accordingly, while the low melting point metal layer 
is closely adhered to the other surface of the semicon- 
ductor element 202 via the metalized layer of gold or the 
like, it may separate from the insulating resin layer 210 
35 on the boundary surface therebetween. Thus, the 
mounting structure of the semiconductor element pro- 
posed in the above Patent Publication has a poor dura- 
bility and cannot to be put into practice. 

However, since the mounting structure of the Semi- 
te? conductor element proposed in the above Patent Publi- 
cation has a favorable property for dissipating the heat 
generated in the semiconductor element, it is suitable 
as a mounting structure for a semiconductor element 
generating a large amount of heat. 

45 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a mounting structure of a semiconductor ele- 

so ment, and a method for mounting a semiconductor ele- 
ment, capable of preventing separation between an 
insulating resin layer and a layer of a metal having a low 
melting point covering the semiconductor element or 
others, which resin layer is formed by filling an insulating 

55 resin in a gap between one surface of a semiconductor 
element mounted onto a circuit board and a mounting 
surface of the circuit board, so that the durability and the 
heat dissipation ability are improved. 
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The present inventors have studied to achieve the 
above object and have found that the wettability of the 
insulating resin layer to the molten metal having a low 
melting point is enhanced by bonding metallic powder 
on the surface of the resin layer, and have thus com- 
pleted the present invention. 

According to the present invention, there is pro- 
vided an semiconductor chip mount structure compris- 
ing: a substrate having a base surface on which base 
side connectors are formed; a semiconductor chip 
mounted on the base surface of the substrate, the sem- 
iconductor chip having chip side connectors on a first 
surface thereof facing the base surface of the substrate, 
the chip side connectors being electrically connected to 
the base side connectors; an insulation resin layer 
arranged so as to cover connecting portions including 
the chip side connectors and the base side connectors; 
a metal layer, consisting of a metal having a melting 
point lower than an endurance temperature of the sem- 
iconductor chip, for covering the semiconductor chip 
and the insulation resin layer; and a wetting characteris- 
tic improved layer formed along at least a part of a con- 
tact surface between the metal layer and the insulation 
resin layer. 

In one embodiment, the metal layer also covers at 
least a part of the base surface of the substrate and a 
second wetting characteristic improved layer is formed 
along at least a part of a second contact surface 
between the metal layer and the base surface of the 
substrate. 

The semiconductor chip has a second surface, 
which is exposed from the insulation resin layer but is 
covered by the metal layer. A heat radiation member, 
such as a heat spreader or fin member, is provided on 
the metal layer adjacent to the second surface of the 
semiconductor chip. The metal layer essentially con- 
sists of a low melting point metal, such as solder, which 
melts at a temperature lower than 450°. 

In one embodiment, the low melting point metal 
layer consists of a low melting point base metal and a 
metal powder mixed in the base metal and having a 
melting point higher than that of the base metal. In this 
case, the metal powder is one or a mixture of two or 
more selected from a group consisting of tungsten (W) 
powder, molybdenum (Mo) powder, silver (Ag) powder 
and copper (Cu) powder. 

In another embodiment, the low melting point metal 
layer consists of a base metal and an inorganic powder 
mixed in the base metal and having a melting point 
higher than that of the base metal. In this case, the inor- 
ganic powder is one or a mixture of two or more 
selected form a group consisting of silicon dioxide 
(Si0 2 ) powder, silicon carbide (SiC) powder, aluminum 
nitride (AIN) powder, boron nitride (BN) powder and car- 
bon (C) powder. 

The insulation resin layer comprises an insulation 
inorganic powder, such as silicon dioxide (Si0 2 ) pow- 
der. 
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In one embodiment, the wetting characteristic 
improved layer is a metal powder or metal foil layer 
attached onto the insulation resin layer which is in con- 
tact with the metal layer. The metal powder or metal foil 

5 layer may consist of a metal having a melting point 
higher than that of the melting point of the metal layer. 

In another embodiment, the second wetting charac- 
teristic improved layer is a metal powder or metal foil 
layer attached onto the base surface of the substrate 

10 which is in contact with the metal layer. The metal pow- 
der or metal foil layer consists of a metal having a melt- 
ing point higher than that of the melting point of the 
metal layer. 

The base side connectors formed on the base sur- 

15 face of the substrate comprises at least one ground pat- 
tern and the metal layer electrically connected to the 
ground pattern. The chip side connectors are electri- 
cally connected to the base side connectors by means 
of connecting terminals, such as solder bumps, 

20 mounted on the semiconductor chip. 

The chip side connectors are electrically connected 
to the base side connectors by means of a tape auto- 
mated bonding tape having a conductive pattern. 

It is possible that a plurality of semiconductor chips 

25 are mounted on the base surface of the substrate, the 
semiconductor chips having respective chip side con- 
nectors which are electrically connected to the base 
side connectors, the insulation resin layer being 
arranged so as to cover connecting portions including 

30 the chip side connectors and the base side connectors, 
and the metal layer covering the insulation resin layer 
and the plurality of semiconductor chips. 

Also it is possible that the substrate having the base 
surface on which the base side connectors are formed 

35 comprises a flexible film. 

According to another aspect of the present inven- 
tion, there is provided a process for mounting a semi- 
conductor chip, having chip side connectors on a first 
surface thereof, on a substrate having a base surface on 

40 which base side connectors are formed, the process 
comprising the steps of; mounting a semiconductor 
chip, on the base surface of the substrate, so that chip 
side connectors of the semiconductor chip are electri- 
cally connected to the base side connectors; filling an 

45 insulation resin into a gap between the base surface of 
the substrate and the first surface of the semiconductor 
chip to cover connecting portions including the chip side 
connectors and the base side connectors; forming a 
wetting characteristic improved layer on at least a part 

so of an exposed surface of the insulation resin layer, the 
wetting characteristic of the wetting characteristic 
improved layer with respect to a low melting point metal 
layer is at least better than that of the insulation resin, 
and forming the metal layer, consisting of a metal having 

55 a melting point lower than an endurance temperature of 
the semiconductor chip, for covering the semiconductor 
chip and the insulation resin layer. 

According to still another aspect of the present 
invention, there is provided a process for mounting a 
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semiconductor chip, having chip side connectors on a 
first surface thereof, on a substrate having a base sur- 
face on which base side connectors are formed, the 
process comprising the following steps of: mounting a 
semiconductor chip on the base surface of the sub- 5 
strate, so that chip side connectors of the semiconduc- 
tor chip are electrically connected to the base side 
connectors; filling an insulation resin into a gap between 
the base surface of the substrate and the first surface of 
the semiconductor chip to cover connecting portions 70 
including the chip side connectors and the base side 
connectors; forming first and second wetting character- 
istic improved layers on at least a part of an exposed 
surface of the insulation resin layer and at least a part of 
the base surface of the substrate, respectively, the wet- 15 
ting characteristic of the first and second wetting char- 
acteristic improved layers with respect to a low melting 
point metal layer is at least better than that of the insula- 
tion resin and the base surface of the substrate, respec- 
tively; forming the first and second metal layers. so 
consisting of a metal having a melting point lower than 
an endurance temperature of the semiconductor chip 
for covering the semiconductor chip, the insulation resin 
layer and the base surface of the substrate. 

According to the present invention of the above 25 
constitution, since the other surface of the semiconduc- 
tor element is exposed from the insulating resin layer 
and coated with the low melting point metal layer, it is 
possible to bring the low melting point metal layer into 
direct contact with the other surface of the semiconduc- 30 
tor element to further improve the ability for dissipating 
the heat generated in the semiconductor element. 

Also, it is possible to improve the electrical charac- 
teristics of the mounting structure of a semiconductor 
element by electrically connecting the low melting point 35 
metal layer to ground patterns provided on the circuit 
board to minimize signal noises. 

In the prior art mounting structure for a semicon- 
ductor element, the surface of an insulating resin layer 
formed of an insulating resin filled in a gap between one 40 
surface of a semiconductor element and a mounting 
surface of a circuit board has a poor wettability to a mol- 
ten metal having a low melting point, and thus repels the 
latter. Accordingly, the insulating resin layer is easily 
separated from the low melting point metal layer. 45 

On the contrary, according to the present invention, 
a wettability improvement layer consisting of metallic 
powder is formed on at least part of the insulating resin 
layer and has an improved wettability to the molten 
metal having a lower melting point. Thus, when the mol- so 
ten metal having a low melting point is brought into con- 
tact with the surface of the insulating resin layer, it is 
possible to stick the molten metal having a low melting 
point onto part of the surface of the insulating resin layer 
wherein the wettability is improved. 55 

As a result, it is possible to enhance the adhesion 
between the insulating resin layer and the low melting 
point metal layer, whereby the separation is prevented 
between the insulating resin layer and the low melting 



point metal layer to improve the durability of the mount- 
ing structure of the semiconductor element. Since the 
low melting point metal layer coats the semiconductor 
element, the heat dissipation ability of the mounting 
structure of the semiconductor element can be also 
improved. 

In addition, if a metallic powder having a melting 
point higher than that of the low melting point metal is 
contained in the low melting point metal layer, the heat 
conductivity of the low melting point metal layer is 
enhanced to further improve the heat dissipation ability 
of the mounting structure. While, if an inorganic sub- 
stance powder having a melting point higher than that of 
the low melting point metal is contained, the difference 
in the thermal expansion coefficient between the semi- 
conductor element and the low melting point metal layer 
can be as small as possible to further enhance the dura- 
bility of the mounting structure of the semiconductor 
element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view of a semiconduc- 
tor chip mount structure using a base substrate 
according to an embodiment of the present inven- 
tion; 

Figure 2 is a partial enlarged view of Fig. 1 , particu- 
larly showing a wetting characteristic improved 
layer; 

Figure 3 is a partial enlarged corresponding to Fig. 
2, but showing another embodiment of this inven- 
tion; 

Figures 4 through 8 are cross-sectional views 
showing respective embodiments of this invention; 
Figure 9 is a cross-sectional view of a semiconduc- 
tor chip mount structure using a flexible base film 
according to an embodiment of the present inven- 
tion; 

Figure 10 is a partial enlarged view of Fig. 9, partic- 
ularly showing a wetting characteristic improved 
layer; 

Figure 1 1 is a partial enlarged corresponding to Fig. 
10, but showing another embodiment using a flexi- 
ble base film of this invention; 
Figures 12 through 17 are cross-sectional views 
showing respective embodiments using a flexible 
base film of this invention; and 
Figures 18 and 19 are cross-sectional views show- 
ing a semiconductor chip mount structure known in 
the prior art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The mounting structure of the semiconductor ele- 
ment according to the present invention is a face-down 
type wherein connecting sections provided on a mount- 
ing surface of a circuit board on which a semiconductor 
element is mounted are electrically connected to those 
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provided on one surface of the semiconductor element 
opposite to the mounting surface. 

Fig. 1 shows such a face-down type mounting 
structure, wherein a plurality of connection pads 16 are 
formed at the extremities of, or at the midway of. circuit 5 
patterns 14 provided, as circuit board side connecting 
sections, on a mounting surface of a circuit board 10 
made of ceramic or plastic carrying a semiconductor 
element 12. 

In this regard, the circuit board 10 may have internal 
circuit patterns. Also, such a circuit board 10 may either 
be a ball-grid-array (BGA) type having solder bumps as 
external terminals or a pin-grid-array (PGA) type having 
lead pins as external terminals. 

A plurality of connection terminals (bumps) 18 are 
provided, as element side connecting sections, on one 
surface of the semiconductor element 10 opposite to 
the mounting surface of the circuit board 10. 

Each of the terminals (bumps) 18 of the semicon- 
ductor element 10 is connected to each of the connec- 
tion pads 16 via a conductor pattern 20 of a TAB (tap 
automated bonding) tape to achieve the electric con- 
nection between the semiconductor element 12 and the 
circuit board 10. 

In addition, the joint portion between the semicon- 
ductor element 12 and the circuit board 10 is sealed by 
an insulating resin layer 22 while exposing the other sur- 
face of the semiconductor element 12. Insulating resins 
used for forming such an insulating resin layer 22 may 
be known ones conventionally used for sealing a semi- 
conductor element, in which an epoxy type resin is suit- 
able. An organic insulating component is preferably 
contained therein as a filler, such as silicon dioxide 
(Si0 2 ). for improving the heat conductivity of the insulat- 
ing resin layer 22. 

The circuit patterns 14 formed on the mounting sur- 
face of the circuit board 10 are insulated by a resin film 
26 formed of an insulating resin such as polyimide resin, 
except for the connection pads 16 used as circuit board 
side connecting sections. 

The insulating resin layer 22 and the other surface 
of the semiconductor element 12 are coated by a low 
melting point metal layer 24. A metal used for forming 
the low melting point metal layer 24 has a melting point 
lower than a heat durable temperature of the semicon- 
ductor element 12. Preferably, the melting point of the 
low melting point metal is 450° C or lower. 

If the melting point exceeds 450°C , problems on 
thermal durability of the semiconductor element 12 are 
liable to occur. On such a view point, it is preferable to 
use low melting point metals which melt at 250°C or 
lower. 

The low melting point metal may be an alloy used 
for brazing and preferably solder an alloy. Examples of 
such solder alloys are Sn-Pb type, Sn-Pb-Sb type. Sn- 
Pb-Ag type, Pb-ln type, Pb-Ag type, Sn-Zn type, Sn-Sb 
type, Sn-Ag type, and Bi-Sn-!n type. 

In this regard, the "heat durable temperature" of the 
semiconductor element 12 referred to in the present 



invention is such a temperature that, if exceeding this 
temperature, the circuits or other components on the 
semiconductor element 12 may be thermally destroyed. 

The low melting point metal layer 24 formed of such 
a low melting point metal and the other surface of the 
semiconductor element 12 are closely bonded with 
each other usually via a metalized layer of gold or others 
on the semiconductor element 12. while the resin layer 
26 and the low melting point metal layer 24 are closely 
bonded with each other via metal layers 28 formed as 
wettability improvement layers on the surface of the 
resin layer 26 with a foil of copper or other metal or by 
electroless plating or by sputtering. 

On the other hand, the low melting metal layer 24 
and the insulating resin layer 22 are closely bonded to 
each other via a wettability improvement layer formed 
on the surface of the insulating resin layer 22, having 
the improved wettability to the molten metal having a 
low melting point. 

The wettability improvement layer is preferably a 
metallic powder layer 30 consisting of a metallic powder 
bonded to the surface of the insulating resin layer 22, as 
shown in Fig. 2. This metallic powder layer 30 can be 
formed by spreading the metallic powder on the surface 
of the insulating resin layer 22, and thereafter curing the 
insulating resin layer 22 in a heated atmosphere. Partic- 
ularly, if the metallic powder is spread on the surface of 
the insulating resin layer during the latter has not been 
fully hardened, the metallic powder is more preferably 
attached thereon. 

Metallic powder used for this purpose has a melting 
point higher than that of the low melting point metal 
forming the lower melting point metal layer, wherein one 
or a mixture of two or more kinds of powders, selected 
from the group consisting of tungsten (W) powder, 
molybdenum (Mo) powder, silver (Ag) powder and cop- 
per (Cu) powder may be suitably used. 

According to the present invention, in place of the 
metallic powder layer 30 shown in Fig. 2, a metal layer 
32 formed on part of the surface of the insulating resin 
layer 22 may be used as the wettability improvement 
layer as shown in Fig. 3. The metal layer 32 is formed on 
a flattened portion of the surface of the insulating resin 
layer 22 by a foil of copper or other metal having a melt- 
ing point higher than that of the low melting point metal, 
or by plating such a metal. 

If the metallic layer 32 is formed by a plating, part of 
the surface of the insulating resin layer 22 need not be 
flattened. 

As stated above, the adhesion between the insulat- 
ing resin layer 22 and the low melting point metal layer 
24 can also be enhanced by the formation of the wetta- 
bility improvement layer on part of the surface of the 
insulating resin layer 22. having an improved wettability 
compared with the other surface of the insulating resin 
layer 22. 

The heat conductivity of the low melting point metal 
forming the low melting point metal layer 24 according 
to the present invention is at most 80 W/m° K, which can 
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be further enhanced by mixing a metallic powder having 
a melting point higher than that of the low melting point 
metal in the low melting point metal layer 24. 

The metallic powder used for this purpose is one or 
a mixture of two or more kinds selected from a group 
consisting of tungsten (W) powder, molybdenum (Mo) 
powder, silver (Ag) powder and copper (Cu) powder. 

When 50% by weight of a powder of copper (Cu) or 
tungsten (W) was mixed with a solder alloy of an Sn-Pb 
type (Sn.Pb = 60:40, heat conductivity of about 50 W/m° 
K), it was found that the heat conductivity of the result- 
ant low melting point metal layer 24 is improved to about 
120 W/m° K (when the copper powder is mixed) or 
about 70 W/m° K (when the tungsten powder is mixed). 

In this regard, if a powder of tungsten (W) or molyb- 
denum (Mo) is selected from the above group, the rela- 
tionship should be preliminarily obtained, through 
experiments, between an amount of the powder to be 
added and the resultant Young's modulus because the 
resultant low melting point metal layer 24 may become 
brittle due to an excessively high Young's modulus. 

The low melting point metal layer 24 containing a 
powder of tungsten (W) or molybdenum (Mo) has a 
lower thermal expansion coefficient compared with that 
formed solely of the low melting point metal. For exam- 
ple, when the tungsten powder of 65% by weight is 
mixed with a solder alloy of Sn-Pb type (Sn:Pb = 63:37, 
thermal expansion coefficient of about 24 x 10' 6 /°C), the 
thermal expansion coefficient of the resultant low melt- 
ing point metal layer 24 is improved to about 6 x 10* 6 
through 8 x 10" 6 /°C. Thus, thermal and mechanical 
stress, which may occur due to the difference in the 
thermal expansion between the semiconductor element 
12 and the low melting point metal layer 24, can be 
reduced to a great extent. 

To reduce the thermal expansion coefficient of the 
low melting point metal layer 24 as described above, 
instead of the tungsten (W) or molybdenum (Mo) pow- 
der, a powder of an inorganic substance having a melt- 
ing point higher than that of the low melting point metal 
layer 24 may be added. The inorganic substance pow- 
der used therefor is one or more kinds of powders 
selected from a group of silicon dioxide (Si0 2 ) powder, 
silicon carbide (SiC) powder, aluminum nitride (AIN) 
powder, boron nitride (BN) powder and carbon (C) pow- 
der. 

In this regard, when silicon carbide (SiC) powder, 
aluminum nitride (AIN) powder, boron nitride (BN) pow- 
der and carbon (C) powder are used as the inorganic 
substance powder, it is possible to maintain or improve 
the thermal conductivity of the resultant low melting 
point metal layer 24. 

If a metallic powder such as tungsten (W) powder, 
molybdenum (Mo) powder, silver (Ag) powder, copper 
(Cu) powder or another powder is mixed in the low melt- 
ing point metal layer 24, a flux is preferably added 
thereto for the purpose of improving the wettability of 
the metallic powder to the low melting point metal. The 
favorable flux used for a copper powder is of an organic 



type such as rosin type flux, while that used for a tung- 
sten or molybdenum powder is of an inorganic type 
such as hydrochloric acid. 

However, even if the inorganic type flux such as 
5 hydrochloric acid is added to the tungsten or molybde- 
num powder, the wettability to the low melting point 
metal is lower than that obtained when the metallic pow- 
der such as silver (Ag) powder or copper (Cu) powder is 
mixed. 

to Also, when the inorganic substance powder such 
as silicon dioxide (Si0 2 ) powder, silicon carbide (SiC) 
powder, aluminum nitride (AIN) powder, boron nitride 
(BN) powder or carbon (C) powder is mixed with the low 
melting point metal, it is difficult to improve the wettabil- 

15 ity of the metallic powder to the low melting point metal 
solely by the addition of the flux. 

Accordingly, when the metallic powder such as 
tungsten or molybdenum or the inorganic substance 
powder is used, it is preferable to form a layer of metal 

20 having a good wettability to the low melting point metal, 
such as copper (Cu), gold (Au), titanium (Ti), nickel (Ni) 
or others, on the surface of a powder particle. Such a 
metallic layer can be formed through electroless plating, 
ion plating or flame spraying, or by the use of a coupling 

25 agent, or via a mixing dry mill. 

However, if a boron nitride (BN) or carbon (C) pow- 
der is used, it is difficult to provide a metal layer having 
a sufficient strength for forming a compact layer 24 of 
the low melting point metal, whereby such a powder is 

30 unsuitable for the purpose of maintaining the air-tight 
state by coating the semiconductor element 12 with the 
low melting point metal layer 24. 

In this regard, when a metallic powder or a inor- 
ganic substance powder having a metallic layer of favo- 

35 rable wettability to the low melting point metal on the 
particle surface thereof is used, it is also preferable to 
add a flux to the low melting point metal. 

It is possible to improve the electric properties of 
the mounting structure by electrically connecting the low 

40 melting point metal layer 24 thus formed to the ground- 
ing circuits of the circuit patterns provided on the mount- 
ing surface of the circuit board 10. This electric 
connection is conducted by electrically connecting the 
earthing circuits of the circuit patterns 14 formed on the 

45 circuit board 10 to the metal layer 28 formed on the sur- 
face of the resinous film 26 through via-holes or others, 
or to a metalized layer formed on the other surface of 
the semiconductor element 12. 

In the mounting structure shown in Figs. 1 through 

50 3, since the insulating resin layer 22 and the low melting 
point metal layer 24 are in contact with each other via 
the wettability improvement layer such as the metallic 
powder layer 30 or the metal layer 32, both the layers 
22, 24 are closely adhered to each other to improve the 

55 durability of the mounting structure. 

In addition, since the low melting point metal layer 
24 is brought into direct contact with the other surface of 
the semiconductor element 12, it is possible to promptly 
dissipate heat generated in the semiconductor element 
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12 to stop the heat being stored in the mounting struc- 
ture. 

When the mounting structure shown in Figs. 1 
through 3 is manufactured, first, each of the connection 
pads 16 provided, as circuit board side connecting sec- s 
tions, on the mounting surface of the circuit board 10 
carrying the semiconductor element 12 is connected to 
each of the connection terminals 18 provided, as ele- 
ment side connecting sections, on one surface of the 
semiconductor element 12 opposite to the mounting w 
surface of the circuit board 10, via the conductor pat- 
terns 20 of TAB tape formed on the mounting surface of 
the circuit board 10. Thereafter, to insulate the circuit 
patterns 14, the resin film 26 consisting of an insulating 
resin such as polyimide is provided on the mounting 15 
surface of the circuit board 1 0, except for the connection 
pads 1 6. 

Then, to seal the joint portion between the connec- 
tion pad 16 and the connection terminal 18, an insulat- 
ing resin such as epoxy type resin is filled in a gap 20 
between the mounting surface of the circuit board 10 
and one surface of the semiconductor element 12 to 
form the insulating resin layer 22 while exposing the 
other surface of the semiconductor element 12 there- 
from. If an insulating inorganic component such as a 25 
filler of silicon dioxide (Si0 2 .) is mixed into the insulating 
resin, the heat conductivity of the insulating resin layer 
22 can be improved. 

The resin film 26 may be formed prior to mounting 
the semiconductor element 12. 30 

Thereafter, the metallic powder layer 30 or the 
metal layer 32 is formed, as a layer having the improved 
wettability to a molten low melting point metal such as a 
solder alloy, on at least part of the exposed surface of 
the insulating resin layer 22. 35 

The metallic powder layer 30 can be formed by 
spreading one or more kinds of metallic powders having 
a melting point higher than that of a metal forming the 
low melting point metal layer 24, selected from a group 
consisting of tungsten (W) powder, molybdenum (Mo) 40 
powder, silver (Ag) powder and copper (Cu) powder, on 
the insulating resin layer 22, and curing a insulating 
resin layer 22 in a heated atmosphere. The metallic 
layer 32 can also be formed by adhering a foil of metal 
having a melting point higher than that of the low melt- 45 
ing point metal, such as copper, or by plating the same. 

Then, the low melting point metal layer 24 is formed 
by melting a low melting point metal such as a solder 
alloy to cover the insulating resin layer 22 and the other 
surface of the semiconductor element 12. One or more so 
kinds of metallic powders having the melting point 
higher than that of the low melting point metal, selected 
from a group of tungsten (W) powder, molybdenum 
(Mo) powder, silver (Ag) powder and copper (Cu) pow- 
der are mixed in this low melting point metal to improve 55 
the heat conductivity of the bow melting point metal 
layer 24. 

Also, in the low melting point metal layer 24, if one 
or more kinds of inorganic substance powders are 
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mixed, having the melting point higher than that of the 
low melting point metal, selected from a group consist- 
ing of silicon dioxide (SiO^ powder, silicon carbide 
(SiC) powder, aluminum nitride (AIN) powder, boron 
nitride (BN) powder and C (carbon) powder, it is possi- 
ble to minimize the difference in the thermal expansion 
coefficient between the low melting point metal layer 24 
and the semiconductor element 12. 

These metallic powders and the inorganic sub- 
stance powders may be used together. 

The electric connection between the semiconductor 
element 12 and the circuit patterns 14 is made, in the 
mounting structure stated above, by connecting each of 
the connection terminals 18 on the semiconductor ele- 
ment 1 2 to each of the connection pads 1 6 on the circuit 
board 10 via the conductor pattern 20 of TAB tape. This 
connection also may be done by connecting each of 
connection pads (electrodes of the semiconductor ele- 
ment) on the semiconductor element 12 to each of the 
connection pads 16 on the circuit board 10 via the con- 
ductor pattern 20 of TAB tape, as shown in Fig. 4. 

Further, as shown in Fig. 4, the heat dissipation 
ability of the mounting structure can be more enhanced 
by providing a heat radiation fin 34 for accelerating the 
heat dissipation on the outer surface of the low melting 
point metal layer 24. The heat radiation fin 34 may be 
replaced by a heat spreader or a water-cooled channel. 

As shown in Fig. 5, the connection between the 
semiconductor element 12 and the connection pads 16 
of the circuit patterns 1 4 formed on the mounting sur- 
face of the circuit board 10 may be made via bumps 36 
provided on the one surface of the semiconductor ele- 
ment 12 opposite to the mounting surface of the circuit 
board 10. 

As shown in Fig. 6, it is also possible to mount a 
plurality of semiconductor elements 12a, 12b on a com- 
mon circuit board and, after an insulating resin has been 
filled in a gap between one surface of the respective 
semiconductor element 12a, 12b and the mounting sur- 
face of the circuit board 1 0 so that insulating resin layers 
22 are provided, form a low melting point metal layer 24 
using a metal having a low melting point such as a sol- 
der alloy while covering the insulating resin layers 22 
and the semiconductor elements 12a, 12b. In this case, 
the heat dissipation ability of the mounting structure can 
be further enhanced if a heat dissipation member such 
a heat radiation fin 34 or other is mounted onto the outer 
surface of the low melting point metal layer 24. 

While the above description was made on the 
mounting structure wherein the semiconductor element 
12 is mounted onto the circuit board 10 made of ceramic 
or plastic, the present invention includes a mounting 
structure wherein a semiconductor element 12 is 
mounted on a film type circuit board formed of a TAB 
tape 38 as shown in Fig. 7. 

The TAB tape 38 forming the mounting structure 
shown in Fig. 7 consists of a flexible base film 40 such 
as polyimide or epoxy film, on one surface of which are 
formed conductor patterns 42, wherein an inner leads 



EP 0 740 340 A2 



7 



JNSDOCID: <EP 074O34OA2..L > 



13 



EP 0 740 340 A2 



14 



43 of the conductor patterns 42 project into a device 
hole from the periphery thereof, which is formed in the 
base film in an area corresponding to the semiconduc- 
tor element 12. A silicon type insulating resin is coated 
on the mounting surface ol the TAB tape 38, on which 
the semiconductor element 1 2 is to be mounted, to form 
a resin film 50, on the upper surface of which a metallic 
layer 28 is formed. 

On the TAB tape 38, a plurality of solder bumps 44 
are provided, as connection terminals for external cir- 
cuits, on the respective connection pads formed in the 
conductor patterns 42. 

In this regard, the end surfaces of the film circuit 
board are coated with an insulating resin to form resin 
layers 48 for the purpose of insulating between the con- 
ductor patterns 42. 

The joint portion between the semiconductor ele- 
ment 12 mounted onto the TAB tape 38 and the inner 
leads 43 thereof is sealed with an insulating resin layer 
22 formed of an insulating resin such as epoxy type 
resin, but the other surface of the semiconductor ele- 
ment 12 is exposed outside the insulating resin layer 22. 

The other surface of the semiconductor element 12 
and the insulating resin layer 22 is coated with a low 
melting point metal layer 24 formed of a metal having a 
low melting point such as a solder alloy. Both the layers 
are closely bonded with each other via a metallic pow- 
der layer 30 (Fig. 2) or a metal layer (Fig. 3) formed on 
at least part of the exposed surface of the insulating 
resin layer 22. Also, the resin film 50 and the low melting 
point metal layer 24 are closely bonded together via the 
metal layer 28 formed on the outer surface of the resin 
film 50 as a wettability improvement layer. 

When a further improvement in the heat dissipation 
ability is desired, a heat dissipating member such as a 
heat radiation fin 34 may be mounted to the outer sur- 
face of the low melting point metal layer 24. 

In Fig. 7, the solder bump 46 is connected to the 
metallic layer 28 formed on the surface of the resinous 
film 50 of the TAB tape 38 to achieve the connection 
with the grounding circuit on the circuit board so that the 
electric properties of the mounting structure are 
improved. 

Contrary to the mounting structure shown in Fig. 7 
wherein the connection terminals are provided for the 
connection with the circuit board on which the semicon- 
ductor element is mounted, the TAB tape 38 may be 
used as a chip carrier (board), as shown in Fig. 8. 
According to a mounting structure shown in Fig. 8, the 
TAB tape 38 carries conductor patterns 42 on one sur- 
face of the base film 40. The conductor pattern 42 of the 
TAB tape 38 has an inner lead 43 projecting into a 
device hole provided on the base film 40 in an area cor- 
responding to a semiconductor element 12 to be 
mounted thereon, and an outer lead 45 extending out- 
side from the base film 40. 

A joint portion of the semiconductor element 12 
mounted onto the TAB tape 38 with the inner lead 43 
thereof is sealed with an insulating resin layer 22 formed 



of an insulating resin such as epoxy type resin, but the 
other surface of the semiconductor element 12 is 
exposed outside the insulating resin layer 22. 

The other surface of the semiconductor element 12 

5 and the insulating resin layer 22 are coated with a low 
melting metal layer 24 formed of a metal having a low 
melting point such as a solder alloy. Both the layers are 
closely bonded with each other via a metallic powder 
layer 30 (Fig. 2) or a metal layer (Fig. 3) formed on at 

io least part of the exposed surface of the insulating resin 
layer 22. Also, the base film 40 and the low melting point 
metal layer 24 are closely bonded together via the metal 
layer 28 formed on the outer surface of the base film 50. 
While the other surface of the semiconductor ele- 

15 ment 12 mounted onto the circuit board 10 is exposed 
from the insulating resin layer 22 in the mounting struc- 
tures shown in Figs. 1 through 8, this surface may be 
coated with the insulating resin layer 22. 

Fig. 9 shows further embodiment of a semiconduc- 

20 tor chip mounting structure according to the present 
invention. In the structure shown in Fig. 9. a semicon- 
ductor element 112 is mounted onto one surface 
(mounting surface) of a film type circuit board 110 at a 
position of a device hole provided thereon, and inner 

25 leads 120 of the. circuit board, provided to project into 
the device hole as a circuit board side connecting sec- 
tion, are electrically connected to gold bumps 122 pro- 
vided, as an element side connecting section, on a 
surface of the semiconductor element 12 opposite to 

30 the mounting surface. The joint portion between the cir- 
cuit board side connecting section and the element side 
connecting section is sealed with an insulating resin 
layer 114. In this embodiment, the other surface of the 
semiconductor element 1 12 is exposed from the insulat- 

35 ing resin layer 114. 

The connection between the circuit board side con- 
necting section and the element side connecting section 
is made by connecting the inner lead 120 to the gold 
bump 122 formed on one surface of the semiconductor 

40 element 112, which inner lead projects into the device 
hole while forming part of conductor patterns 118 on 
one surface of a flexible film 1 1 6 constituting the circuit 
board 1 10. On the other surface of the flexible film 1 1 6, 
solder balls (solder bumps) 126, provided as external 

45 connection terminals, are connected to the conductor 
patterns 1 18 through via holes 128 penetrating the flex- 
ible film 116. 

The conductor patterns 118 are coated, except for 
the inner leads 120, with an insulating resin film 124 

so formed of an insulating resin such as silicone resin, and 
a metal layer 130 is provided on the surface of the resin 
film 124 in the peripheral area of the device hole, in 
which the semiconductor element 112 is carried, by a 
metallic foil such as copper or by a plating. 

55 As the film type circuit board 110 used in this 
embodiment, a TAB tape may be used, wherein the 
semiconductor element can be mounted on one ends of 
the conductor patterns 1 18 formed on one surface of a 
flexible film. 
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As the insulating resin for forming the insulating 
resin layer 114, those conventionally used for sealing 
semiconductor elements can be adopted, such as an 
epoxy type. Preferably, an insulating inorganic sub- 
stance such as silicon dioxide (Si0 2 ) is mixed as a filler 
so that the heat conductivity of the insulating resin layer 
24 is improved. 

While the film type circuit board 110 used in the 
embodiment shown in Figs. 9 through 1 1 has the circuit 
patterns 1 18 on one surface (on which the semiconduc- 
tor element 1 12 is mounted) of the flexible film 116, the 
circuit patterns 1 18 may be provided on the other sur- 
face (opposite to the surface on which the semiconduc- 
tor element 112 is mounted). In the latter case, the 
external terminals such as solder bumps are attached 
by forming via-holes in a layer of resin such as silicone 
resin covering the conductor patterns 118 provided on 
the other surface of the flexible film 1 1 6 so that the con- 
ductor patterns 1 18 are exposed on the bottom thereof, 
and inserting the solder bumps into the via-holes. 

In this regard, the operation and constitutions other 
than the above are similar to the embodiment shown in 
Figs. 1 through 3. 

The heat dissipation ability of the semiconductor 
device is further enhanced by mounting a heat radiation 
fin 134 as shown in Fig. 12 on the outer surface of the 
low melting point metal layer 134 shown in Figs. 9 
through 1 1 . In place of the heat radiation fin 134. a heat 
spreader or a water-cooled channel may be used as 
means for dissipating heat. 

Also, the electric property of the semiconductor 
device can be more improved by connecting a metal 
layer 1 30 in contact with a low melting point metal layer 
134 to a solder ball 127 through a via-holes 129 pene- 
trating a flexible film 1 16 and a resin film 124 so that the 
solder ball 127 is connected to a grounding pattern on 
the circuit board. 

A so-called area TAB tape may be used as the TAB 
tape for constituting the film type circuit board 110, 
wherein conductor patterns to be connected to the sol- 
der bumps 122 on the semiconductor element 112 are 
formed on a common surface of the flexible film 1 1 6, as 
shown in Fig. 13. 

A so-called dual metal type TAB tape may be used 
as the above-mentioned area TAB tape, wherein con- 
ductor patterns are formed not only on one surface of 
the flexible film 116 on which the semiconductor ele- 
ment 1 12 is to be mounted, but also on the other surface 
thereof, as shown in Fig. 14. 

To further improve the heat dissipation ability of the 
semiconductor element shown in Fig. 8, a heat 
spreader 156 may be provided on the outer surface of 
the low melting point metal layer 134, as shown in Fig. 
15. or a heat radiation fin 158 may be provided, as 
shown in Fig. 16. 

Instead of the TAB tape used in the embodiments 
shown in Figs. 15 and 16 an area TAB tape 160 shown 
in Fig. 1 7 may be used. The area TAB tape 1 60 has con- 
ductor patterns 118, each of which is formed on one 
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surface of a flexible film and has a mounting pad to be 
connected to a gold bump 122 of the semiconductor 
element 112. 

The tape is insulated from outside by a resin layer 

5 124 formed, for example, of polyimide resin, except for 
an area wherein the semiconductor element 112 is 
mounted and the outer leads 154. 

The TAB tape is used, in the embodiment shown in 
Figs. 9 and 10, as a semiconductor element-mounting 

w film having film side connecting sections provided on 
one surface of a flexible film 1 16 for the electric connec- 
tion with element side connecting sections provided on 
one surface of the semiconductor element 112 to be 
mounted. The TAB tape usable for this purpose prefera- 

is bly has such a structure that a metal layer 130 is 
formed, as a layer capable of being closely bonded with 
the low melting point metal layer 134, at the periphery of 
a semiconductor element-mounting zone on a surface 
in contact with a low melting point metal layer 114 coat- 

20 ing the mounted semiconductor element 110. 

Such a metal layer 134 can be provided by adher- 
ing a metallic foil or plating a metal such as copper on 
the surface of the flexible film 1 1 6 of the TAB tape or the 
surface of a resin layer 1 24 formed of an insulating resin 

25 such as silicone resin for partly insulating the conduc- 
tive patterns 1 1 8. 

The present invention will be described in more 
detail based on the following Examples. 

30 Example 1 

Polyimide resin was coated on a surface of a circuit 
board 10 made of alumina to form an insulating resin 
film 26, except for connection pads 16 of circuit patterns 
35 14. 

In addition, after a chromium layer has been formed 
on the resin film 26 by a sputtering, a copper layer, a 
nickel layer and a gold layer were sequentially provided 
by a plating on the chromium layer so that a metal layer 

40 28 (wettability improvement layer) having an uppermost 
gold layer was formed. 

Then, the outer leads of the conductor patterns 20 
of the TAB tape were connected to the connection pads 
16 of the circuit patterns 14, and a semiconductor ele- 

45 ment 12 of a 16 mm square having a metalized layer of 
nickel-gold on the back surface thereof was mounted on 
inner leads of conductor circuits 20 of the TAB tape. 
Thus, connection terminals 18 provided on one surface 
of the semiconductor element 12 opposite to the circuit 

so board were connected to the inner leads of the conduc- 
tor patterns 20. 

The joint portions between the connection termi- 
nals 18 of the semiconductor element 12 mounted onto 
the circuit board 10 and the connection pads 16 of the 

55 circuit patterns 14 were sealed with bisphenolic type 
epoxy resin containing silicon dioxide (Si0 2 ) filled in a 
gap between the one surface of the semiconductor ele- 
ment 12 and the mounting surface of the circuit board 
10. The other surface (back surface) of the semiconduc- 
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tor element 12 was exposed from the thus-formed insu- 
lating resin layer 22 of epoxy resin. 

After a copper powder was spread onto the surface 
of the insulating resin layer 22, the insulating resin sur- 
face 22 was cured in a heated atmosphere to form a 5 
metallic powder layer 30 formed of the copper powder 
bonded to the surface of the insulating resin layer 22. 

Then, the insulating resin layer 22 and the other 
surface of the semiconductor element 12 were coated 
with a solder paste of Sn-Pb type (Sn:Pb = 63:37). The 10 
solder paste contains a tungsten powder (of about 65% 
by weight) having a particle size of 80 to 100 mesh, 
each particle thereof having a surface layer of nickel 
provided through an electroless plating, and a rosin type 
flux added to improve the wettability to the tungsten 15 
powder. 

After placing a heat radiation fin 34 of aluminum 
having a nickel/gold plated layer on a surface to be in 
contact with the solder paste (back surface), the circuit 
10 was loaded as a whole into a reflow furnace to be 20 
subjected to a reflow treatment at 250°C for 30 seconds. 

The semiconductor device removed from the reflow 
furnace had a compact low melting point metal layer 24 
formed of the solder, completely coating the semicon- 
ductor element 12 and the insulating resin layer 22, and 25 
the heat radiation fin 34 bonded thereto. 

It was confirmed from the heat cycle test that the 
adhesion of the low melting point metal layer 24 with the 
insulating resin layer 22 or others in the resultant semi- 
conductor device was favorable, and also the heat dissi- 30 
pation ability was favorable. 

Example 2 

A metal layer 28 was formed in the peripheral area 35 
on the surface of a circuit board 10 made of BT resin on 
which a semiconductor element 12 is to be mounted, 
which metal layer is formed of a copper foil connected 
via a through-hole to an earthing layer provided in the 
circuit board 10. Thereafter, a nickel-gold plated layer 40 
was formed on circuit patterns 14 provided on the sur- 
face of the circuit board. 

Then, the 10 mm square semiconductor element 12 
having solder bumps 36 provided, as connection termi- 
nals, on one surface thereof and a metalized layer of 45 
nickel-gold on the other surface thereof, was mounted 
onto the circuit board 10. The semiconductor element 
12 thus mounted was bonded by a so-called flip chip 
system wherein the solder bumps 36 of the semicon- 
ductor element 1 2 are directly connected to connection so 
pads 16 of the circuit patterns 14. 

Further, a bisphenolic type epoxy resin containing 
silicon dioxide (Si0 2 ) was filled in a gap between the 
one surface of the semiconductor element 12 and the 
mounting surface of the circuit board 1 0 to seal the joint 55 
portions between the solder bumps 36 and the connec- 
tion pads 16 of the circuit patterns 14. The other surface 
(back surface) of the semiconductor element 12 was 



exposed outside an insulating resin layer 22 thus 
formed by the epoxy resin. 

After a copper powder was spread onto the surface 
ol the insulating resin layer 22, the insulating resin sur- 
face 22 was cured in a heated atmosphere to form a 
metallic powder layer 30 formed of the copper powder 
bonded to the surface of the insulating resin layer 22. 

Then, the insulating resin layer 22 and the other 
surface of the semiconductor element 12 were coated 
with a solder paste of Sn-Pb type (Sn:Pb = 63:37). The 
solder paste contains a tungsten powder (of about 65% 
by weight) having a particle size of 80 to 100 mesh, 
each particle thereof having a surface layer of nickel 
provided through an electroless plating, and a rosin type 
flux added to improve the wettability of the tungsten 
powder. 

After placing a heat radiation fin 34 of aluminum 
having a nickel/gold plated layer on a surface to be in 
contact with the solder paste (back surface), the circuit 
10 was loaded as a whole into a reflow furnace to be 
subjected to a reflow treatment at 250°C for 30 seconds. 

The semiconductor device removed from the reflow 
furnace had a compact low melting point metal layer 24 
formed of the solder, completely coating the semicon- 
ductor element 12 and the insulating resin layer 22, and 
the heat radiation fin 34 bonded thereto. 

It was confirmed from the heat cycle test that the 
adhesion of the low melting point metal layer 24 with the 
insulating resin layer 22 or other in the resultant semi- 
conductor device was favorable, and the heat dissipa- 
tion ability was also favorable. 

Example 3 

A TAB tape formed of a flexible film 1 1 6 of polyimide 
resin was used, on one surface of which are formed 
conductor patterns 1 18 so that inner leads 120 thereof 
project into a device hole provided on the flexible film 
1 16. On the other surface of the flexible film 1 16, termi- 
nal pads are formed for providing bumps (solder balls) 
for the connection with a mounted circuit board (not 
shown). 

An insulating resin film 124 was formed all over one 
surface of the TAB tape, except for the device hole, by 
screen-printing a silicon type elastomer paste. Thereaf- 
ter, a 70 jam thick copper foil was placed on the insulat- 
ing resin layer 124. The TAB tape was cured to form a 
metal layer 130 bonded to the insulating resin film 124. 
The curing was conducted at 150°C for 2 hours. 

Electrodes provided on one surface of a semicon- 
ductor element 1 12 of 15 mm square were connected to 
the inner leads 120 of the TAB tape thus formed by a 
single bonding method. 

In this regard, this semiconductor element 112 had 
a metalized layer of gold on the other surface thereof. 

Then, joint portions between the TAB tape and the 
semiconductor element 1 1 2 were sealed with an insu- 
lating resin layer 114 formed of a silicon type potting 
agent. After a copper powder was spread on the surface 
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of the insulating resin layer 114, the insulating layer 114 
was cured in a dry nitrogen atmosphere at 150°C for 
one hour to form a metallic powder layer 136 bonded 
onto the insulating resin layer 114. The back surface of 
the semiconductor element 1 1 2 was exposed from the 5 
insulating resin layer 114. 

A solder paste layer was formed on the back sur- 
face of the semiconductor element 112 mounted to the 
TAB tape by coating an eutectic Sn-Pb type solder 
paste containing a tungsten powder at 65% by weight, 10 
having a particle size of 80 to 100 mesh, each particle 
thereof having a surface layer of nickel provided through 
an electroless plating, and a heat radiation fin of alumi- 
num alloy was placed on the solder paste layer, which 
fin has a gold film, provided by sputtering, on the bottom 15 
surface. 

A flux was coated on the terminal pads while dis- 
posing the flexible film 1 1 6 on the upper side, and solder 
balls of eutectic Sn-Pb type were arranged on the termi- 
nal pads. After being dried, the assembly was subjected 20 
to a reflow treatment in a dry nitrogen atmosphere at 
250°C for one minute. 

The semiconductor device resulted from the reflow 
treatment was of a type shown in Fig. 12, wherein the 
low melting point metal layer 134 covering the semicon- 25 
ductor element 1 12 and the insulating resin layer 1 14 is 
closely bonded to the semiconductor element 1 12, the 
insulating resin layer 1 14 and the resin film 124 via the 
metalized layer of gold provided on the other surface of 
the semiconductor element 112, the metallic powder 30 
layer 1 36 on the insulating resin layer 1 1 4 and the metal 
layer 1 30 adhered to the resin film 124. It was confirmed 
from the heat cycle test or other that the durability and 
the heat dissipation ability of the resultant semiconduc- 
tor device are favorable. 35 

Example 4 

An area TAB tape formed of a flexible film 1 16 of 
polyimide resin was used, on one surface of which were 40 
formed conductor patterns 118, each having a pad for 
the connection with a solder bump 122 on a semicon- 
ductor element 1 12. On the other surface of the flexible 
film 116, terminal pads were formed for providing 
bumps (solder balls) for the connection with a mounted 45 
circuit board. 

An insulating resin film 1 24 was formed all over one 
surface of the TAB tape, except for an area on which the 
semiconductor element 112 is to be mounted, by coat- 
ing an epoxy type prepreg. Thereafter, a 35 u.m thick 50 
copper foil was placed on the insulating resin film 124 
and heat -pressed to form a metal layer 1 30 bonded to 
the insulating resin film 124. The heat-pressing was 
conducted at 180°C under the pressure of 30 kg/cm 2 . 

The 15 mm square semiconductor element 112 55 
was mounted onto the mounting surface of the area TAB 
tape thus obtained by a flip chip bonding method 
wherein solder bumps 122 formed on one surface of the 
semiconductor element 112 are directly connected to 



the conductor patterns provided on the mounting sur- 
face of the area TAB tape. 

In this regard, this semiconductor element 112 had 
a metalized layer of nickel/gold on the other surface 
thereof. 

Then, joint portions between the area TAB tape and 
the semiconductor element 112 were sealed with an 
insulating resin layer 1 14 formed of an epoxy type pot- 
ting agent. After a copper powder was spread on the 
surface of the insulating resin layer 114, the insulating 
layer 114 was cured in a dry nitrogen atmosphere at 
150°C for one hour to form a metallic powder layer 136 
bonded onto the insulating resin layer 114. The back 
surface of the semiconductor element 1 1 2 was exposed 
outside the insulating resin layer 114. 

A solder paste layer was formed on the back sur- 
face of the semiconductor element 1 12 mounted to the 
area TAB tape by coating an eutectic Sn-Pb type solder 
paste containing a copper powder of 50% by weight, 
having a particle size of 100 mesh, and a heat radiation 
fin of aluminum alloy was placed on the solder paste 
layer, which fin has a nickel/gold film, provided by a 
sputtering, on the bottom surface. 

A flux was coated on the terminal pads while dis- 
posing the flexible film 1 1 6 on the upper side, and solder 
balls of eutectic Sn-Pb type were arranged on the termi- 
nal pads. After being dried, the assembly was subjected 
to a reflow treatment in a dry nitrogen atmosphere at 
230°C for one minute. 

The semiconductor device resulting from the reflow 
treatment was of a type shown in Fig. 13, wherein the 
low melting point metal layer 134 covering the semicon- 
ductor element 112 and the insulating resin layer 1 14 is 
closely bonded to the semiconductor element 112, the 
insulating resin layer 1 14 and the resin film 124 via the 
metalized layer of nickel/gold provided on the other sur- 
face of the semiconductor element 112, the metallic 
powder layer 136 on the insulating resin layer 114 and 
the metal layer 130 adhered to the resin layer 124. It 
was confirmed from the heat cycle test or other that the 
durability and the heat dissipation ability of the resultant 
semiconductor device are favorable. 

Example 5 

A TAB tape formed of a flexible film 1 1 6 of polyimide 
resin having a thickness of 75 urn was used, wherein 
conductor patterns 1 18 of a copper foil having a thick- 
ness of 25 fim are formed on one surface thereof, and 
each of the conductor patterns has an inner lead 120 
projecting into a device hole of an annular square shape 
provided in a central area of the flexible film 1 1 6 and an 
outer lead 154 projecting outside from the periphery of 
the flexible film 116. 

Along the peripheral edge of the device hole, an 
annular square-shaped copper foil having a thickness of 
25 nm was adhered on the other surface of the TAB 
tape, which was then plated with gold to form a metal 
layer 30. 
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Then, all bumps provided on one surface of an 1 1 
mm square semiconductor element 112 were con- 
nected to the inner leads 120 on the TAB tape. The joint 
portions between the semiconductor element 112 and 
the inner leads 120 on the TAB tape were sealed with an 
insulating resin layer 114 formed of a solvent type pot- 
ting agent of bisphenolic epoxy type. Then, after a cop- 
per powder was spread on the surface of the insulating 
resin layer 1 14, the insulating resin layer 114 was cured 
in a dry nitrogen atmosphere at 150°C for one hour so 
that the copper powder is closely adhered to the insulat- 
ing resin layer 1 14 to form a metallic powder layer 136. 
In this regard, the back surface of the semiconductor 
element 112 was exposed outside the insulating resin 
layer 114. 

A solder paste layer was formed on the back sur- 
face of the semiconductor element 112 mounted to the 
area TAB tape by coating an eutectic Sn-Pb type solder 
paste containing a copper powder at 50% by weight, 
having a particle size of 100 mesh, and a heat radiation 
fin of aluminum alloy was placed on the solder paste 
layer, which fin has a nickel/gold film provided by sput- 
tering on the bottom surface. 

A flux was coated on the terminal pads while dis- 
posing the flexible film 1 1 6 on the upper side, and solder 
balls of eutectic Sn-Pb type were arranged on the termi- 
nal pads. After being dried, the assembly was subjected 
to a reflow treatment in a dry nitrogen atmosphere at 
230°C for one minute. 

The semiconductor device resulting from the reflow 
treatment was of a type shown in Fig. 16, wherein the 
low melting point metal layer 134 covering the semicon- 
ductor element 1 12 and the insulating resin layer 1 14 is 
closely bonded to the semiconductor element 112, the 
insulating resin layer 114 and the flexible film 116 via 
the metalized layer of nickel/gold provided on the other 
surface of the semiconductor element 112, the metallic 
powder layer 136 on the insulating resin layer 114 and 
the metal layer 130 adhered to the resin layer 124. It 
was confirmed from the heat cycle test or others that the 
durability and the heat dissipation ability of the resultant 
semiconductor device are favorable. 

Example 6 

An area TAB tape formed of a flexible film 1 16 of 
polyimide resin having a thickness of 35 pirn was used, 
wherein conductor patterns to be connected to solder 
bumps 122 provided, as connection terminals, on one 
surface of a semiconductor element 112 are formed on 
the same surface as conductor patterns 1 18 of the flex- 
ible film 116. 

A 35 [im thick annular square-shaped copper foil 
was placed on the periphery of an area of the area TAB 
tape element 1 12 (on the surface on which the conduc- 
tor patterns 118 are provided) for mounting the semi- 
conductor element 112, via a resin film 124 formed of a 
60 |im thick epoxy type prepreg layer. Thereafter, the 
copper foil was bonded to the resin layer 124 by a heat- 



pressing to form a metal layer 130. The heat -pressing 
was conducted at 180°C under a pressure of 30 kg/cm 2 . 

The 11 mm square semiconductor element 112 
was mounted onto the mounting area of the area TAB 
5 tape by a flip-chip bonding method wherein solder 
bumps 1 22 provided on one surface of the semiconduc- 
tor element 1 12 are directly connected to the conductor 
patterns formed on the mounting surface of the area 
TAB tape. 

w In this regard, on the other surface (back surface) of 
the semiconductor element 112, a metalized layer of 
nickel/gold was formed. 

Then, the joint portions between the area TAB tape 
and the semiconductor element 112 were sealed with 

15 an insulating resin layer 114 formed of a solvent type 
potting agent of a bisphenolic epoxy type. Then, after a 
copper powder was spread on the surface of the insulat- 
ing resin layer 114, the insulating resin layer 114 was 
cured in a dry nitrogen atmosphere at 150°C for one 

20 hour so that the copper powder closely adhered to the 
insulating resin layer 1 14 to form a metallic powder layer 
1 36. In this regard, the back surface of the semiconduc- 
tor element 112 was exposed outside the insulating 
resin layer 114. 

25 A solder paste layer was formed on the back sur- 
face of the semiconductor element 112 mounted to the 
area TAB tape by coating an eutectic Sn-Pb type solder 
paste containing a tungsten powder at 60% by weight, 
having a particle size of 80 to 100 mesh, each particle 

30 thereof having a surface layer of nickel provided through 
electroless plating, and a heat radiation fin of aluminum 
alloy was placed on the solder paste layer, which fin has 
a nickel/gold film provided by a sputtering on the bottom 
surface. 

35 Thereafter, the area TAB tape carrying the semi- 
conductor element 112 thereon was subjected to a 
reflow treatment in a dry nitrogen atmosphere at 230°C 
for one minute. 

The semiconductor device resulting from the reflow 

40 treatment was of a type, shown in Fig. 17, wherein the 
low melting point metal layer 134 covering the semicon- 
ductor element 1 12 and the insulating resin layer 1 14 is 
closely bonded to the semiconductor element 112, the 
insulating resin layer 114 and the resin film 124 via the 

45 metalized layer of nickel/gold provided on the other sur- 
face of the semiconductor element 112, the metallic 
powder layer 136 on the insulating resin layer 1 14 and 
the metal layer 130 adhered to the resin layer 124. It 
was confirmed from the heat cycle test or other that the 

so durability and the heat dissipation ability of the resultant 
semiconductor device are favorable. 

It should be understood by those skilled in the art 
that the foregoing description relates to only some pre- 
ferred embodiments of the disclosed invention, and that 

55 various changes and modifications may be made to the 
invention without departing from the spirit and scope 
thereof. 
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Claims 

1. A semiconductor chip mount structure comprising: 

a substrate having a base surface on which s 
base side connectors are formed; 
a semiconductor chip mounted on said base 
surface of the substrate, said semiconductor 
chip having chip side connectors on a first sur- 
face thereof facing to said base surface of the w 
substrate, said chip side connectors being 
electrically connected to said base side con- 
nectors; 

an insulating resin layer arranged so as to 
cover connecting portions including said chip is 
side connectors and said base side connec- 
tors; 

a metal layer, consisting of a metal having a 
melting point lower than an endurance temper- 
ature of said semiconductor chip, for covering 20 
said semiconductor chip and said insulating 
resin layer; and 

a wetting characteristic improving layer formed 
along at least a part of a contact surface 
between said metal layer and said insulating 25 
resin layer. 

2. A semiconductor chip mount structure as set forth 
in claim 1 , wherein said metal layer also covers at 
least a part of said base surface of the substrate 30 
and a second wetting characteristic improving layer 

is formed along at least a part of a second contact 
surface between said metal layer and said base 
surface of the substrate. 

35 

3. A semiconductor chip mount structure as set forth 
in claim 1 , wherein said semiconductor chip has a 
second surface which is exposed outside said insu- 
lating resin layer but is covered by said metal layer. 

40 

4. A semiconductor chip mount structure as set forth 
in claim 3, wherein a heat radiation member, such 
as a heat spreader or fin member, is provided on 
said metal layer adjacent to said second surface of 
the semiconductor chip. 45 

5. A semiconductor chip mount structure as set forth 
in claim 1 , wherein said metal layer essentially con- 
sists of a low melting point metal, such as solder, 
which melts at a temperature lower than 450°. so 

6. A semiconductor chip mount structure as set forth 
in claim 1, wherein said metal layer consists of a 
low melting point base metal and metal powders, 
mixed in said base metal, having a melting point 55 
higher than that of said base metal. 

7. A semiconductor chip mount structure as set forth 
in claim 6, wherein said metal powder is one or a 




340 A2 24 

mixture of two or more selected from a group con- 
sisting of tungsten (W) powder, molybdenum (Mo) 
powder, silver (Ag) powder and copper (Cu) pow- 
der. 

8. A semiconductor chip mount structure as set forth 
in claim 1, wherein said low melting point metal 
layer consists of a base metal and an inorganic 
powder, mixed in said base metal, having a melting 
point higher than that of said base metal. 

9. A semiconductor chip mount structure as set forth 
in claim 8, wherein said inorganic powder is one or 
more selected form a group consisting of silicon 
dioxide (Si0 2 ) powder, silicon carbide (SiC) pow- 
der, aluminum nitride (AIN) powder, boron nitride 
(BN) powder and carbon (C) powder. 

10. A semiconductor chip mount structure as set forth 
in claim 1 , wherein said insulation resin layer com- 
prises an insulating inorganic powder, such as sili- 
con dioxide (Si0 2 ). 

11. A semiconductor chip mount structure as set forth 
in claim 1, wherein said wetting characteristic 
improving layer is a metal powder or metal foil layer 
attached onto said insulating resin layer which is in 
contact with said metal layer. 

12. A semiconductor chip mount structure as set forth 
in claim 1 1 , wherein said metal powder or metal foil 
layer consists of a metal having a melting point 
higher than that of said melting point of the metal 
layer. 

13. A semiconductor chip mount structure as set forth 
in claim 2, wherein said second wetting characteris- 
tic improving layer is a metal powder or metal foil 
layer attached onto said base surface of the sub- 
strate which is in contact with said metal layer. 

14. A semiconductor chip mount structure as set forth 
in claim 13, wherein said metal powder or metal foil 
layer consists of a metal having a melting point 
higher than that of said melting point of the metal 
layer. 

1 5. A semiconductor chip mount structure as set forth 
in claim 1, wherein said base side connectors 
formed on said base surface of the substrate com- 
prise at least one ground pattern and said metal 
layer electrically connected to said ground pattern. 

16. A semiconductor chip mount structure as set forth 
in claim 1, wherein said chip side connectors are 
electrically connected to said base side connectors 
by means of connecting terminals, such as solder 
bumps, mounted on said semiconductor chip. 
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17. A semiconductor chip mount structure as set forth 
in claim 1, wherein said chip side connectors are 
electrically connected to said base side connectors 
by means of a tape automated bonding tape having 

a conductive pattern. 5 

18. A semiconductor chip mount structure as set forth 
in claim 1, a plurality of semiconductor chips are 
mounted on said base surface of the substrate, said 
semiconductor chips have respective chip side con- w 
nectors which are electrically connected to said 
base side connectors, said insulating resin layer is 
arranged so as to cover connecting portions includ- 
ing said chip side connectors and said base side 
connectors, and said metal layer covers said insu- is 
lating resin layer and said plurality of semiconductor 
chips. 

19. A semiconductor chip mount structure as set forth 

in claim 1 , wherein said substrate having said base 20 
surface on which said base side connectors are 
formed comprises a flexible film. 

20. A process for mounting a semiconductor chip, hav- 
ing chip side connectors on a first surface thereof, 25 
on a substrate having a base surface on which base 
side connectors are formed, said process compris- 
ing the following steps of: 

mounting a semiconductor chip on said base 
surface of the substrate, so that chip side con- 
nectors of said semiconductor chip are electri- 
cally connected to said base side connectors; 
filling an insulating resin into a gap between 
said base surface of the substrate and said first 
surface of the semiconductor chip to cover con- 
necting portions including said chip side con- 
nectors and said base side connectors; 
forming a wetting characteristic improved layer 
on at least a part of an exposed surface of said 
insulating resin layer, a wetting characteristic of 
said wetting characteristic improved layer 
respect to a low melting point metal layer is at 
least more improved than that of said insulating 
resin, 

forming said metal layer, consisting of a metal 
having a melting point lower than an endurance 
temperature of said semiconductor chip, for 
covering said semiconductor chip and said 
insulating resin layer. 

21. A process for mounting a semiconductor chip, hav- 
ing chip side connectors on a first surface thereof, 
on a substrate having a base surface on which base 
side connectors are formed, said process compris- 
ing the following steps of: 

mounting a semiconductor chip on said base 
surface of the substrate, so that chip side con- 



nectors of said semiconductor chip are electri- 
cally connected to said base side connectors; 
filling an insulating resin into a gap between 
said base surface of the substrate and said first 
surface of the semiconductor chip to cover con- 
necting portions including said chip side con- 
nectors and said base side connectors; 
forming first and second wetting characteristic 
improved layers on at least a part of an 
exposed surface of said insulating resin layer 
and at least a part of said base surface of the 
substrate, respectively, the wetting characteris- 
tic of said first and second wetting characteris- 
tic improved layers with respect to a low melting 
point metal layer being at least better than that 
of said insulating resin and said base surface of 
the substrate, respectively; 
forming said first and second metal layers, con- 
sisting of a metal having a melting point lower 
than an endurance temperature of said semi- 
conductor chip, for covering said semiconduc- 
tor chip, said insulating resin layer and said 
base surface of the substrate. 
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